Generally, the quality and properties of a weld joint is strongly influenced by welding variables during process. In order to achieve an ideal weld, it is important attention to bead geometry and microstructure evolution of weld metal. The effect of process variables on penetration and microstructure of C-80 steel joints produced by robotic CO 2 arc welding was studied in present work. Different samples were produced by employing arc voltages of 23, 25 and 27 V, welding currents of 100, 110 and 120 A and welding speeds of 42, 62 and 82 cm/min. After welding process, geometric measurements were performed on welding specimens and the microstructural evolutions were investigated by optical observations of the weld cross sections. Results were clearly illustrated that increasing in welding current or arc voltage increases the depth of weld penetration. The highest penetration in this research was observed in 62 cm/min welding speed. The metallographic examinations also indicated that the microstructure of weld metal in all of specimens was composed mainly of martensite (M) and residual austenite (A) phases that a portion of martensite phase had been tempered.
INTRODUCTION
CO 2 arc welding involves large number of interdependent variables that can affect product quality, productivity and cost effectiveness. The relationship between process variables and bead geometry are complex because of the number of variables and their interrelationships involved. Many attempts have been made to predict and understand the effect of the welding variables on the bead geometry. These include the entire theoretical studies based on heat flow theory 1-2 and the empirical methods based on studies of actual welding applications [3] [4] . During the past 20 years significant progress has been made in understanding the solidification behavior of welds and the evolution of microstructure [5] [6] . Kacar and Kokemli 7 studied on effect of controlled atmosphere on the MIG/MAG arc weldment proper ties. Muthupandi et al. 8 researched on effect of weld metal chemistry and heat input on the structure of duplex stainless steel welds. Relationship between friction stir welding parameters and microstructure properties of AA6056 joints was studied by Cavaliere et al. 9 . Also effects of heat input on the microstructure of the 8 MnMoNi 5 5 shape-welded nuclear steel was predicted by Million et al. 10 . The present work is aimed at the evaluation of penetration and microstructure behavior of C-80 grade steel welded joints obtained by employing different arc voltages, welding currents and welding speeds.
MATERIAL AND METHODS
Due to high importance in industry, C-80 grade steel specimens having 4 mm thickness were used as base-metal in this study. The chemical composition of base metal was listed in Tables 2 and 3 . CO 2 arc welding process was used for joining the base metals. Robotic CO 2 arc welding operations were performed by means of a SOS Model DR Series ARK ROBO 1500 welding robot having a working capacity of 0-600A and 0-50V ranges. The welding robot and its apparatus were shown in Fig. 1 . For reduction welding distortion, before welding process, experimental test plates were fixed in the fixture jig. The chosen welding variables for this study were arc voltage, welding current and welding speed. The fixed parameters during welding and limits were given in Table 4 . In order to investigate the relationship between the CO 2 arc welding parameters and bead penetration, after the welding processes, the specimens were cut perpendicular to welding direction by using a closed circuit saw cooled by boron oil. For characterizing of weld microstructure in first, multipass welds cross-section were cleaned from each combination and grounded through 200-1000 mesh using grinding papers and then polished through 1µm diamond paste. The samples were etched in 2 % Nital for 6 s. In the present work, optical examination of samples was carried out using a OPT microscope. All experiments were performed at Semnan University in Iran during 2009.
RESULTS AND DISCUSSION
Experiments with employing different arc voltages, welding currents and welding speeds combinations were performed and the depth of penetration was measured for all cases. The results were tabulated as in Table 5 and Figs. 2-4 .
In Figs. 2-4 , the welding speed was fixed as 42, 62 and 82 cm/min, respectively and the change in depth of penetration was drawn with welding current for 23, 25 and 27 V arc voltages values. A linear increase in depth of penetration with increasing welding current and arc voltage was observed commonly in all three different welding speeds. In Fig. 2 , the welding speed was fixed as 42 cm/min. The deepest penetration value was obtained as 3.24 mm in 120 A and 27 V condition, while the smallest one as 2.78 mm in 100 A and 23 V. In Fig. 3 , the welding speed was fixed as 62 cm/ min. The biggest penetration value was measured as 3.27 mm in 120 A and 27 V condition, while the smallest one as 2.82 mm in 100 A and 23 V. In Fig.  4 , the welding speed was fixed as 82 cm/min. The deepest penetration value was obtained as 3.22 mm in 120 A and 27 V condition and the smallest one as 2.72 mm in 100 A and 23 V. This result is similar to the literatures [11] [12] [13] . The depth of penetration increased with increasing welding speed up to 62 [12] [13] [14] . In continue the microstructural evolution of multiplass weld metal was analyzed by optical observations of the weld cross sections for all of the welding conditions. The metallographic results have been illustrated in Figs. 5-14. In attention to Figs. 6-14, the microstructures in weld specimens were composed mainly of martensite and residual austenite phases that a portion of martensite phase had been tempered. With increasing arc voltage and welding current or decreasing welding speed was increased the volume fraction of residual austenite and tempered martensite phases and coarsened a slight the microstructure in the weld metal. This evolution can be related to effects of welding parameters on cooling rate of weld metal. According to Eq. 1, welding heat input is increased with increasing arc voltage, welding current and with decreasing welding speed 15 : Where, H = heat input (kJ/mm) E = arc voltage (volts) I = current (Amp.) S = welding speed (mm/min)
The most important characteristic of heat input is that it governs the cooling rates in welds metal.
The Eq. 2 shows this relationship between preheat temperature, heat input and cooling rate The cooling rate in fusion welding is a primary factor that determines the final metallurgical structure and mechanical properties of the weld metal. Increasing of heat input and consequently decreasing the cooling rate for a given weld metal, promoted the formation of tempered martensite and residual austenite also significant coarsening was observed in the microstructure with increasing the heat input.
CONCLUSION (1)
The depth of penetration increases with increasing welding current between 100 and 120 A. In addition to welding current, increasing arc voltage between 23 and 27 V, also increases the penetration value. However, its effect is not as much as welding current. The deepest penetration in this study was obtained as 3.27 mm when the welding speed was 62 cm/min and the smallest penetration value was measured as 2.72 mm for 82 cm/min welding speed. The effect of welding current on penetration was greater than that of arc voltage and welding speed.
(2) The microstructures in weld specimens produced by CO 2 robotic welding process were composed mainly of mar tensite, tempered martensite and residual austenite phases that increasing in arc voltage and welding current or decreasing in welding speed increased the volume fraction of tempered martensite and residual austenite phases and coarsened a slight the microstructure in the weld metal.
